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AURAL  DErrSCTIOE  OF  KiACHIKERy  'iOHES  iR  SHIP  NOISE. 


IKIROEuCT'ION 

Tills  raemoraoaduT'i  deScrJ-Ues  a new  method  for  the  detection  and  frequency 
iieasurament  of  machinery  tones  in  ship  noise  using  only  aural  analysis  tech- 
Jiicues.  The  technic^ue  described  has  been  subjected  to  preliminary  tests 
tne  results  of  which  show  conclusively  the  high  operational  value  of  the 
method.  It  is  anticipated  that  the  detailed  results  of  these  and  further 
teste  will  be  published  formally  at  a later  date.  In  the  meantime  this 
meiuoraadum  should  seive  to  acquaint  particvilarly  interested  persons  with  the 
pover  of  this  new  technique. 

The  Problem:  Passive  sonar  analysts,  particularly  submarine  soneirmen,  have 
been  avrare  for  many  yeai's  tliat  strong  single-frequency  tonal  components  are 
a common  feature  of  ship  noise  at  the  audio  frequencies.  Recently  devei oijed 
methods  of  passive  sonar  target  classification  such  as  those  reported  in 
references  (a)  and  (b)  depend  strongly  upon  the  detection  and  accurate  mea- 
h:uremen*  of  the  frequency  of  such  tones.  The  detection  and  frequency  mea- 
surement of  such  tones  lias  heretofore  depended  upon  the  avedlabllity  of  ex- 
tended-band Lofair  eq\ilpn!ent  capable  of  covering  the  frequency  range  up  to  at 
les^t  1200  c/s.  Such  equipment  is  not  yet  available  In  any  operational  form 
arid  as  a consequence  application  of  these  claesiflcatlon  techniques  has 
remained  essentially  a Laboratory  procedure. 

Recognition  of  these  facts  led  to  institution  of  a program  to  attenq>t 
to  develop  a purely  aural  technique  by  which  the  necessary  measurements  could 
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be  made  with  sui'ficient  accurscy  to  al3-0"  av^pli-ication  cf  the  clasaiJica- 
tion  methods  dioi-iug  the  period,  mitil  appropriate  spcctiuii!  acalysis  equijKae.nt 
becomes  generally  ava.ilable  in  the  fleet,  techniqre  reported  here  has 

evolved  slowly  af-tor  .3everr?J.  other  jiBthods  were  tried  rnd  foimd  wanting. 
Probably  the  .first  asthod  to  be  tried  operationo-Uy  vs..*:  thi-ough  the  wse  of 
adjustable  high-imns  xnd  loi-^-pass  filters  This  method.  liif.e  isiost  others, 
require.^  the  operator /analyst  to  first  detect  the  presence  of  e tone  in  the 
broad  band  signal.  The  cut-off  frequency  of  the  high-ppss  f.51ts.r  i.s  then 
Icrwersd  until  the  asipl-ttude  of  the  tone  drops  shai-ply  and  the  cut-off  fre- 
quency is  rea.d  from  the  dial.  The  high-pass  filter  is  then  backed  off  end 
cut-off  frequenej’^  of  the  low-pass  filter  i-s  gradual.ly  raised  until  the  tone 
?igain  drops  out  and  the  dial  reading  is  made.  The  mean  of  the  two  dlitl  read- 
ings is  then  taken  a.s  the  frequency  of  the  tone.  ISost  submcja'ines  are  nerr 
equipped  with  the  necessary  filters  to  molce  .measurements  in  this  fashion  and 
the  method  cncy  be  considered  standard  in  the  fleet.  Ifea.snrements  made  lu 
tills  iDsinner  are  higilLy  Inaocm’ate  and  tone.s  with  very  high  signal- to-noise 
ratios  are  required  before  the  method  can  be  applied. 

An  early  attesgpt  to  improve  the  accuracy  of  fi\;quency  measiireffiGnts  was 
through  the  use  of  an  adjustable  naxrovr  band  rejection  filter,  or  notch  fil- 
ter, which  could  be  adjusted  by  the  analyst  until  the  a'l-^ilitude  of  the  tone 
was  a minimum  and  the  frequency  could  then  be  read  from  tlie  filter  dial. 

This  method  was  reported  in  reference  (c)e  The  accxiracy  of  frequency  inea.sure- 
ments  was  in^ircr/ed  somewhat  by  this  method  but  it  otlierwise  suffered  from  tlie 
same  deficiencies  as  the  double  cut-off  method. 

Proposed  Solution:  Ihe  new  technique  has  been  designed  to  talce  full  ad- 

vantage of  the  knenm  characteristics  and  capabilities  of  the  human  ear.  It 
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nukes  use  of  a band  of  frequencieE  in  \*hich  the  htrnian  ear  Is  most  sensitive, 
its  resxjonse  is  laost  uniform  e.nd  the  critical  bands  of  the  ear  are  mrrou  and 
\iniforin.  Full  advantace  is  taken  of  the  ear's  high  sensitivity  in  the  recog- 
nition of  lov  freq’aency  beats.  The  equipment  required  is  restricted  to  that 
noroally  available  present  submarine  sonar  rooms;  a three-speed  magnetic 
tape  recorder  with  a short  loop  attachment,  an  octave  band  filter  set.  to  pass 
600  to  1200  c/s,  an  audio  oscillator  tunfible  from  600  to  1200  c/s  and,  for  best 
results,  a frequency  counter  reading  to  the  nearest  cycle  per  second  in  the 
600-1200  c/s  range.  A block  dlagrsjn.  of  the  equipment  set-up  is  shown  in 
Figure  1. 

It  is  assumed  that  most  of  the  tones  of  interest  will  lie  in  the  band 
from  300  to  2^00  c/s.  In  the  analysis,  however,  the  band  beiiig  examined  at 
any  one  instant  is  restricted  to  600-1200  c/s.  This  allows  the  analyst  to 
concentrate  his  atl.ention  on  a single  octave  at  a tine  and  drastically  reduces 
problems  arising  from  auditory  masking  emd  aural  harmonics.  I'he  analystte 
operating  instructions  are  os  follows. 

The  signal  to  be  analyzed  is  recorded  on  the  short  tape  loop  at  the  mid- 
dle tape  speed,  normally  7,l/2  Ipa.  On  {layback  the  signal  is  fed  through 
an  octave  band  filter  so  that  the  operator  hears  only  the  band  from  6OO  to  1200 
c/s.  In  practice  this  filter  should  be  set  to  pass  frequencies  from  about  3OO 
to  1300  c/s  so  that  no  confusion  will  result  neeur  the  cut-off  of  the  filter. 
Starting  at  the  lowest  frequency,  (600  c/s)  the  oscillator  level  Is  set  to 
where  the  tone  can  Just  be  heard  clearly  and  the  frequency  of  the  oscillator  is 
then  slowly  increased.  The  analyst  should  listen  carefully  to  the  oscillator 
tone  only  and  not  try  to  hear  the  noise  or  any  tones  which  nay  be  present  In 
the  noise.  The  oscillator  output  level  should  be  continuously  adjusted  throughout 
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to  keep  the  cse''Mlator  clsajiO.y  s.u'ilble  ubovE  th!t;  ncSie.  I''”  the  tailf: 

to  concentrate  solely  on  the  oscillator  tone  he  ’./rill  tend  to  ).''sx50i’t  spurious 
tones  due  to  the  beating  eft’oct  of  the  ba-ckground  cavitation  noise.  1:J  thei'o 
is  a tone  present  in  the  noise  the  osolLlator  tone  ■rill  s-':art  to  beat  as  its 
frequency  approaches,  the  fraqr-ency  of  the  uxikaovn  tone.  St.ill  iistenin,;?  to 
the  oscillator  tone  the  analyst  mo-y  then  ertablish  a very  accurate  "zei’o-beat" 
point-  The  frequency  of  the  unknoim  tone  may  then  be  x'ead  froiu  the  oscilla- 
tor dial.  (With  normal  oscillator  dials  and  calibrations  the  greatest  eirror 
vill  arise  in  the  process  of  reading  the  died..  I’or  this  reason  the  resu-Vcs 
of  the  measureiaents  can  be  greatly  iisroroved  by  using  the  frei\ue.ncy  co'onter, 
as  shown  in  Figure  1,  to  read  the  oscillator  frerpency)  This  process  is 
then  continued  tone-by-tons  moving  slowly  s.cross  the  fr<^quency  range  to  .12iX) 
c/s.  It  should  be  engphasised  here  that  by  this  method  the  analyst  will  de- 
tect tones  which  he  cannot  detect  aurDlly  by  a?ay  other  means,,  the  process 
must  ba  followed  even  though  there  are  no  appoxent  tone.s  ixesent  in  the  band. 

In  the  target  classification  process  it  is  iagperat.ive  that  tonal  fraq\:-,en- 
cies  be  measured  with  the  greediest  possible  accuracy  and  that  as  many  tones  as 
possible  are  measured.  It  is  e.iually  toportant  however,  that  only  real  tones 
be  meostcred  and  that  the  "fiilse-alarm"  rate  be  kept  to  a minimum.  If  the  opei'a- 
tor  records  the  frequency  readings  only  for  those  tenee  i;hich  can  definitely  be 
made  to  beat  and  for  which  the  beat  rate  can  be  changed  by  jockeying  the  oscil- 
lator dial  he  wiJJL  restrict  liis  readings  only  to  real  tones  and  will,  with  a 
little  practice,  be  able  to  detect  tones  which  he  cannot  othenrise  hear. 

Having  completed  the  search  from  600  to  1200  c/s  the  analyst  should  slow 


the  playback  speed  to  l/2.  The  frequencies  originally  falling  in  the  range 
from  1200  to  2^*00  c/s  will  now  fall  into  the  range  of  the  fixed  filter  and  the 
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procesG  13  repeated.  Frequencies  read  fron  tea  osciLtetor  or  coiniter  will 
now  be  1/2  of  the  original  frequencies  and  tlie  ^mluee  must  be  doubled  before 
they  are  used  for  cosifutation.  When  this  frequency  band  has  been  exasiined 
the  playback  speed  is  changed  to  the  fastest  setting  which  should  be  twice 
the  original  recoi’d  speed.  Ka.  the  band  of  frequencies  which  was  origoally 
500  to  600  c/s  wi.ll  appear  in  the  filter  band  and  the  process  is  repeated 
once  more.  Frequencies  read  from  the  oscillator  will  now  be  double  the  true 
frequency  and  must  be  divided  by  2 before  being  used  for  coii^wtatlon. 

Testing  the  Technique:  The  method  described  above  showed  excenen-o  promS.se 

when  tried  in  the  Laboratory  but  it  was  decided  to  subject  the  technique  to 
at  least  a preliminary  test  before  submitting  it  for  operational  use.  Sioc 
teat  3aiiq,les  were  chosen  from  previously  recorded  sounds  from  various  types 
of  geared-turblnepowered  shS.ps.  The  sas^aes  varied  in  difficulty  and  in 
the  number  of  tones  present  and  care  was  taken  to  ensure  that  somex^here  in 
tne  test  teere  was  at  least  one  tone  in  each  octave. 

Plans  were  made  to  give  the  test  to  three  different  groups  of  people. 

The  first  group  was  composed  of  twelve  experienced, submarine  sonaraen  who 
were  provided  only  with  the  adjustable  band-pass  filters  normally  available 
on  board  the  submarines  and  were  instructed  to  determine  the  tonal  frequen- 
cies by  whatever  method  they  were  used  to  using.  The  seeoM  group  was  made 
up  of  ten  experloncea  sonarmen  of  varying  backgrounds  who  were  provided  with 
an  oscillator  and  frequency  counter  and  were  given  instructions  essentially 
the  same  as  those  given  above.  The  third  group  was  made  up  of  ten  seamen  with 

no  previous  sonar  experience  of  any  kind  who  also  used  the  oscillator-beat 
method  of  tone  finding. 

In  order  to  sizapllfy  the  test  procedure,  especially  for  the  inexperienced 
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group,  the  teet  recoic.j.ijg  •jjt.hj  niude  v.p  In  tvo  aiffci-eni  Iccics.  3 a '^he- 
fora,  used  oaly  by  Group  I,  Wie  scrtpleo  were  recorded  ccn^ieau'fcively  tlirc.ugli 
a 500  to  2h00  c/s  band-ps3s  filter.  ?Jach  saaplo  W£s  si.r.  aiautss  3.oag  except 
•the  last  Which  was  only  three  minutes.  In  the  second  fora,  used  by  Groups  II 
and  III,  the  proTjlea  of  speed  cJiansing  ou  the  plajibadc  was  el?.ninated  by  re- 
cording each  SKEipJ.e  for  two  clnutes  at  each  of  tkrce  spoedj?  so  that  the  anoJ.yst 
had  two  minutes  to  work  in  each  octave.  Tafi  3.aKt  oeripla  was  agsin  only  •th'.’ee 
minutes  in  total  length.  At  the  beginarlng  of  this  reel,  voice  instractions  for 
the  test  were  recorded  together  with  a couple  of  strong  tones  to  be  used  for 
practice  in  the  techniq.ne  before  start3.ng  the  test.  While  giving  the  test  to 
Group  III,  the  inexperienced  sefjmcn,  the  test  instructor  controlled  the  level 
of  the  oscil.lntor  tone.  The  soJiarman  in  Group  II  controlled  their  oi?n  oscil- 
lator levels. 

Figure  2 shows  lofar  records  of  the  6i:<  test  sompi-es.  There  is  no  ex- 
pectation that  any  aui’a!  teclinique  wi.ll  compete  in  tone  detection  abi.li.tj'- 
with  the  Lofai“  and  these  records  ar3shQr>?n  'crdirarily  for  illustrative  puc'poaes. 
Standard  or  "correct”  frequencies  for  tones  found  aurall;y  In  the  test  are 
taken  from  the  Lofar  records.  Casual,  examination  of  Figure  2 will  show  that 
each  sanqple  contains  several  tones  and  that  there  is  at  least  one  strong  tone 
in  each  sample.  It  also  shows  that  some  of  the  test  samples  should  have  been 
more  carefully  chosen  since  there  fire  definite  frequency  shifts  within  the 
length  of  the  saimples,  particularly  in  sajmples  2 and  6.  Despite  some  of 
those  obvious  faults  the  test  sanqiles  were  found  satisfactory  for  this  pre- 
liminary test. 

Test  Results:  The  purposes  of  the  preliminary  test  were  twofold.  The  pri- 


mary purpose  was  to  conpare  tone  finding  and  measurement  capabllltlca  of  the 
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tvo  methods  of  auro.l  cnalyais.  5;iie  second  was  to  get  some  Indication  of  whether 
the  ne’J  method  conld  be  applied  by  inexper?,enced  people  and  to  compare  their  re- 
suJ.te  with  those  of  the  other  two  groups.  Thei’e  are  msny  questions  concerning 
Isai'ning  and  experience  in  the  use  of  the  oscillator-beat  technique  and  ultimate 
ability  to  detect  weaker  .and  wealcer  tones  but  no  attempt  was  made  to  answer  these 
questions  at  this  time.  Our  principal  concern  was  to  determine  whether  the  new 
technj.que  yielded  better  resuJ-ts  than  present  operational  methods. 

A cursory  exeisalnation  of  Figure  2 shows  the  presence  of  nine  strong  tones 
which  appear  to  be  materially  stronger  than  any  of  the  others.  These  nine  tones 
were  selected  for  this  preliminary  examination  and  are  marrked  A through  I in 
Figure  2.  The  results  in  relation  to  these  nine  tones  are  shown  in  Table  1. 

For  e&,ch  tone  and  each  Group  the  table  shows  (l)  the  number  of  ijeople  who  de- 
■iected  the  tone,  (2)  the  mean  frequency  measured  by  those  who  detected  the  tone, 
and  (5)  the  standard  deviation  of  measured  frequencies. 

In  every  case  the  persons  being  tested  listed  tones  which  couJ.d  not  be 
reasonably  related  to  any  signals  shown  on  the  Lofar  records.  For  each  of  the 
nine  tones  then  sone  ai'bitrary  method  had  to  be  adopted  for  determining  whether 
or  not  the  tone  had  been  detected.  For  Groups  II  and  III  this  arbitrary  limit 
was  teiJcen  as  + 10  c/s  on  the  grounds  that  beats  cannot  usually  be  heeurd  if  they 
exceed  this  frequency.  The  accuracy  of  frequency  measurement  for  Group  I was 
expected  to  be  much  poorer  than  for  the  other  groups  so.  since  the  filter  scale 
accuracy  is  proportional  to  frequency,  an  arbltirary  limit  of  + 5 percent  was 
selected. 

Summary  of  the  data  presented  in  Thble  1 Is  fortunately  very  straightforward. 
The  12  men  in  Group  I had  the  opportunity  to  detect  108  tones.  Only  13  were  de- 
tected and  In  no  case  did  more  than  3 nen  detect  any  one  tone.  Average  frequency 
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errors  wero  hi^t  and,  standard  dsvitittonBj  '/nere  coapuiabis , vrere  'r!;S  a«.i- 

suimients  vo'ald  be  uselLess  for  a.ppli card  on  to  target  ciaE3lflcatior>.. 

=.Phe  10  inen  In  Group  II,  all  exporieacec!.  Eonannsn,  bad  30  opport-nnittes  to 

detect  these  tones  and  did  so  In  66  caees.  ‘Ihree  of  the  nine  tcuej  we.re  detected 

b'K-  all  ten  men.  Average  frequencies  for  the  tones  wete  very  close  to  cur  test 

mea3i.?reroent  in  a],l  cases  but  one  and  standard  deviatlcno  were  very  lew.  'JTcsse 

last  reavl-ts  ox'e  controlled  to  a certain  extent  by  the  10  c/s  litalts  placed  on 

allowable  errors  but  even  with  this  ijjaitation  the  actual  meaauremsnts  lie  well 

inside  tb.e  arbitiary  lisait.  It  ic  Interesting  to  note  that  the  oas  tone  "C"  for 

which  this  group  did  poorly  wae  the  first  tone  to  be  c^easured  in  neas'ly  every 

case.  For  this  one  sample  tone  we  were  convinced  that  each  of  the  nine  men  had 

in  fact  found  the  tone  and  the  10  c/g  limits  were  relaxed  to  include  all  j.’easoa- 

aSle  nseasxirements.  Had  the  10  c/e  limit  been  strictly  Imposed  o:aly  four  m-en 
been 

would  have /adjudged  to  have  found  the  signal.  It  appears  that  :i3!2raaps  J.esrnlng 
played  a part  even  in  the  short  duration  of  this  test. 

I'he  10  inexperienced  sonarpien  in  Group  III  also  had  90  oiiportunities  to  ije- 
tect  the  tones  and  did  so  in  ouLy  l8  cases.  For  those  tones  which  were  found  tue 
accuracy  of  frequency  iseasurement  and  smoj.!  standard  de’'iations  inlierent  ?n  the 
system  are  reflected  in  Table  1.  All  reasonable  figures  shown  for  tone  "C"  were 
again  Included  in  the  table. 

Conclusions;  In  the  hands  of  experienced  Bonarmen  the  teclmiquo  described  above 
is  e powerful  and  accurate  tool  for  determination  of  the  frequencluo  of  strong 
machinery  tones  la  ship  noise.  Its  use  opemtlonally  in  subaarlnen  promlsea  far 
better  results  than  present  methods  aiid  in  particular}  results  shoi\ld  be  stiffi- 
clently  accm'ate  for  use  in  modem  target  classification  technlqueii. 
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Co-’inAri.soji  of  roDiilts  experiericed  non.unii‘j;» ■ and  iue::p  - 

iiidj.cates  that  vralnlnii  and  expericnca  are  a factor  in  use  of  tne  “ 

ever,  since  only  half  of  the  Ecri  in  Group  II  had  previous  ijosslve  . 

it  suggests  •.-.hat  faTniliarlty  vltfa  electronic  e^cuipraant  and  with  1- 
listening  in  general  rsay  he  at  least  as  ixoportant  as  direct  expei  ? ■ 
finding , 

Although  not  denonstrated  in  this  test  it  is  stror^ly  auap* 
method  can  be  quickl.y  learned  even,  hy  the  most  inexperienced  peraoe 
that  additional  eicperience  in  use  of  this  technique  would  quickly  ?:• 
psrleuced  sonacnaan's  ability  to  detect  weaker  tones  while  slna^ltan'  ,^: 
his  f^olse  alarm  rate  of  detection  of  noa-existent  tones  and  reoucin"  u 

?lanni35g:  I?urther  testing  of  the  capabilities  inherent  in  this  *,-  :bi. 

planned.  It  is  not  believed  that  the  technique,  as  presented,  la  ne"*' 
the  optixauQ  method  of  aural  ineasarsment  of  tones  in  noise  and  furthe- 
will  bs  made  to  Improve  the  method.  Several  possible  inprovements 
ready  suggested  themselves  will  he  tried  and  tested.  It  is  antlcipcue 
forml  report  wil.1  he  issued  upon  conpletion  of  further  tests  and  techrilo».< 
provemeuts . 
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(a)  USNSL  Report  1010,  "A  Method  for  Passive  Sonar  Target  Classlflcatlot , 
R.  Halley,  5 January  1961  (s). 

(b)  COMSUBPAC  INSTRUCTION  003522.12  of  10  May  I96I, 

(c)  NEL  Itr  NS  713-225  (NEL  L2-10)  ser  2320-038  of  29  Sep  1959  w/encl  (1) 
"The  Use  of  a Variable  Narrow-band  Rejection  Filter  in  Aural  Analysla." 
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